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1
PLASMA ENHANCED NITRIDE LAYER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates in general to semiconductor devices
and in particular to semiconductor devices made using
nitride layers.

2. Description of the Related Art

An etch stop layer is utilized in the manufacture of
semiconductor wafers for making openings in a layer e.g. of
different sizes and depths. With some examples, the etch
stop layer (ESL) is of a material or materials that is etch
selective with respect to the material in which the opening
is being made. The etch stop layer limits the penetration of
the etch into layers below the layer in which the desired
opening is being made.

What is desired is an improved integrated circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its
numerous objects, features, and advantages made apparent
to those skilled in the art by referencing the accompanying
drawings.

FIG. 1 is a partial side cross-sectional view of one
embodiment of a semiconductor wafer during a stage in its
manufacture according to the present invention.

FIG. 2 is a partial side cross-sectional view of an embodi-
ment of a semiconductor wafer during another stage in its
manufacture according to the present invention.

FIG. 3 is a partial side cross-sectional view of an embodi-
ment of a semiconductor wafer during another stage in its
manufacture according to the present invention.

FIG. 4 is a partial side cross-sectional view of an embodi-
ment of a semiconductor wafer during another stage in its
manufacture according to the present invention.

FIG. 5 is a partial side cross-sectional view of an embodi-
ment of a semiconductor wafer during another stage in its
manufacture according to the present invention.

FIG. 6 is a partial side cross-sectional view of an embodi-
ment of a semiconductor wafer during another stage in its
manufacture according to the present invention.

FIG. 7 is a partial side cross-sectional view of an embodi-
ment of a semiconductor wafer during another stage in its
manufacture according to the present invention.

FIG. 8 is a partial side cross-sectional view of an embodi-
ment of a semiconductor wafer during another stage in its
manufacture according to the present invention.

FIG. 9 is a partial side cross-sectional view of an embodi-
ment of a semiconductor wafer during another stage in its
manufacture according to the present invention.

FIG. 10 is a partial side cross-sectional view of an other
embodiment of a semiconductor wafer during a stage in its
manufacture according to the present invention.

The use of the same reference symbols in different draw-
ings indicates identical items unless otherwise noted. The
figures are not necessarily drawn to scale.

DETAILED DESCRIPTION

The following sets forth a detailed description of a mode
for carrying out the invention. The description is intended to
be illustrative of the invention and should not be taken to be
limiting.
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FIGS. 1-8 set forth various stages in the manufacture of
a semiconductor wafer that utilizes a plasma enhanced
nitride (PEN) layer according to one embodiment of the
present invention.

FIG. 1 shows a partial side cross-sectional view of wafer
101. Wafer 101 has a semiconductor on insulator configu-
ration (SOI) with a dielectric 105 (e.g. SiO,) located on a
semiconductor substrate 103 (e.g. Si, SiGe). A layer 107 of
semiconductor material (e.g. Si, SiGe) is located over dielec-
tric 105. Wafer 101 includes a transistor 102. Transistor 102
includes source/drain region 113, source/drain region 111,
and channel region 109 which are located in layer 107.
Transistor 102 also includes a gate 131 located over layer
107. A sidewall spacer is located adjacent to gate 131. Gate
131 is located on a gate oxide 123. In some embodiments,
spacer 125 includes an oxide liner located on oxide 123 and
the sidewall of gate 131. Transistor 102 also includes a gate
silicide 133 located on gate 131, a source/drain silicide 119
located on source/drain region 111, and a source/drain
silicide 121 located on source/drain region 113.

An opening 135 is formed in wafer 101 to substrate 103
where a substrate silicide 139 is subsequently formed.
Opening 135 extends through an isolation region 117 (e.g. of
Si0,) located in layer 107 and through dielectric 105.
Silicide 139 is in electrical contact with substrate 103.

A plasma enhanced nitride (PEN) layer 137 is formed
over wafer 101 after the formation of opening 135 and
silicide 139. In one embodiment, PEN layer 137 is 36%
silicon, 53% nitrogen, and 21% hydrogen by atomic weight.
In other embodiments, PEN layer 137 may be of other
compositions. In one embodiment, PEN layer 137 is depos-
ited (e.g. by a plasma enhanced chemical vapor deposition
(PECVD) process) using a processing tool sold by the
NOVELLUS CORP under the trade designation of
SEQUEL. In one embodiment, the processing tool is imple-
mented on the CONCEPT 2 mainframe having a SEQUEL
chamber by NOVELLUS. In one embodiment, layer 137 has
a density of approximately 2.43 grams/cc. In one embodi-
ment, the ratio of to silicon-hydrogen bond to nitrogen-
hydrogen bond is 4:1.

In one embodiment, PEN layer 137 is 300 Angstroms (A)
thick. In some embodiments, PEN layer 137 has a thickness
in the range of 100-500 Angstroms, but may be of other
dimensions in other embodiments. In some embodiments,
layer 137 having a thickness of more than 500 A may
degrade reliability by increasing negative bias temperate
instability (NBTI) of an integrated circuit.

FIG. 2 shows a partial side cross-sectional view of wafer
101 after a layer 203 of etch stop material (e.g. silicon rich
silicon oxynitride) is deposited e.g. by a PECVD process. In
other embodiments, layer 203 may be of other materials
such as silicon rich silicon nitride, silicon oxynitride, or a
different composition of SION. In one embodiment, layer
203 has a composition of 43% silicon, 15% oxygen, 20%
nitrogen, and 22% hydrogen by atomic weight, but may be
of other compositions in other embodiments. In one embodi-
ment, layer 203 has a thickness in the range of 300-800
Angstrom, but may have other thicknesses in other embodi-
ments.

A layer 205 of interlayer dielectric material is deposited
on layer 203 after layer 203 has been deposited. In one
embodiment, layer 205 is made of TEOS, but may be made
of other materials in other embodiments. In one embodiment
layer 205 has a thickness of 8000 A, but may be of other
thicknesses in other embodiments.

FIG. 3 shows a partial side cross-sectional view of wafer
101 after wafer 101 has been subject to a chemical mechani-
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cal polishing (CMP) process to planarize layer 205. In one
embodiment, layer 205 is planarized to a thickness of 4000
A, but may be planarized to other thicknesses in other
embodiments.

FIG. 4 is a partial side cross-sectional view of wafer 101
after a layer of patterning stack 401 has been formed on
layer 205 and patterned to form openings 409, 407, 405, and
403. In one embodiment, patterning stack 401 may include
patterned photo resist over an organic antireflective coating
(ARC). Other embodiments may utilize dry developed bi-
layer resist or photo resist over hard mask schemes.

FIG. 5 shows a partial side cross-sectional view of wafer
101 after openings in layer 205 have been formed by etching
layer 205 through openings 409, 407, 405, and 403. In the
embodiment shown, layer 203 is used as an etch stop for the
etching of the openings in layer 205. Layer 205 is etched
with an etchant (e.g. a C,F based etch) having an etch
chemistry that is highly selective with respect to the mate-
rials of layers 203 and 137 and non selective to the material
of layer 205. In some embodiments, the etchant is more
selective to the material of layer 203 than the material of
layer 137.

FIG. 6 is a partial side cross-sectional view of wafer 101
after portions of layers 203 and 137 in the openings have
been removed by etching. In one embodiment, the materials
of layers 203 and 137 in the openings are removed by an
etchant (e.g. CH;F—O,) that is non selective to both the
material of layer 203 and the material of layer 137. In one
embodiment, the etchant is selective to the material of layer
205, the materials of silicides 121, 133, 119, and 139, the
material of dielectric 105, and the material of isolation
region 117.

During the etching of layers 205 and the etching of layers
203 and 137, some of patterning stack 401 maybe eroded or
removed, which may lead to rounding or corner loss in the
openings of layer 205. However such an effect is not shown
in FIGS. 5 and 6.

FIG. 7 shows a partial side cross-sectional view of wafer
101 after patterning stack 401 has been removed (e.g. by an
oxygen based plasma). During the removal of patterning
stack 401 (or during the etching of layer 205 or the etching
of layers 203 and 137), the openings in layer 205 may
exhibit some rounding or corner loss. Also, during the
removal of patterning stack 401, polymers formed during
the etchings may also be removed. As can be shown in the
view of FIG. 7, silicides 121, 133, 119, and 139 are exposed
after the removal of patterning stack 401. In some embodi-
ments, patterning stack 401 may be removed prior to the
etching of layer 205 and/or the etching of layers 203 and
137.

FIG. 8 shows a partial side cross-sectional view of wafer
101 after subsequent processing steps have been performed
from the stage shown in FIG. 7. After the removal of
patterning stack 401, a barrier layer (or layers in some
embodiments, e.g. with some embodiments including a seed
layer for subsequent layer formation) is formed over wafer
101 in checking the openings of layer 205. In some embodi-
ments, the barrier layer may include titanium, titanium
nitride, tantalum, and/or tantalum nitride. Subsequently, a
layer of conductive material (e.g. tungsten) is deposited on
wafer 101 to fill the openings in layer 205. Wafer 101 is then
subject to a CMP process to planarize and remove excess
metal above layer 205. During the CMP process, the thick-
ness of layer 205 may be reduced. In some embodiments,
separate CMP processes may be utilized for the metal and
for the material of layer 205.
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After the CMP process, each opening includes a contact
which includes a portion of the barrier layer (e.g. portions
801, 805, 807, and 809) and conductive material (e.g. 811,
815, 817, and 819).

Afterwards, interconnects 831, 835, 837, and 839 of
interconnect layer 840 (interconnect layer 1) are formed. In
one embodiment, interconnects 831, 835, 837, and 839
include copper and are formed by depositing a dielectric
stack 833 on wafer 101, wherein stack 833 is subsequently
etched to form inlaid trenches in the stack. The trenches are
then filled with conductive material and the wafer is pol-
ished to form the interconnects in the trenches. In other
embodiments, the interconnects may be formed by other
processes and/or may include other materials.

In the embodiment shown, interconnect 831 is in electri-
cal contact with the contact of material 811 and portion 801,
interconnect 835 is in electrical contact with the contact of
material 815 and portion 805, interconnect 837 is in elec-
trical contact with the contact of material 817 and portion
807, and interconnect 839 is in electrical contact with the
contact of material 819 and portion 809.

Layer 205 acts as an interlayer dielectric between inter-
connect layer 1 and gate 131, source/drain regions 113 and
111, and layer 107. Interlayer dielectric refers to dielectric
material (e.g. stack 833) between the interconnects as well.

In subsequent process, other interconnect layers, inter-
layer dielectrics, and vias (collectively shown as layer 845)
are formed over interconnect layer 840. Layer 845 includes
interconnects and vias electrically coupled to the intercon-
nects of interconnect layer 845. In one embodiment, layer
845 includes 8 additional interconnect layers (interconnect
layers 2-9). However, in other embodiments, layer 845 may
include a different number of interconnect layers. After-
wards, bond pads e.g. 861 and a passivation layer 867 are
formed on layer 845 in the embodiment shown. However,
wafers of other embodiments may have other configurations
and/or structures.

In subsequent processes, wafer 101 is singulated for form
multiple integrated circuits.

FIG. 9 shows a partial side cross-sectional view of wafer
101 after the formation of PEN layer 137. In the embodi-
ment shown, PEN layer 137 includes six layers (layers 901,
903, 905, 907, 909, and 911) of the same PEN material. In
one embodiment, each layer is approximately ¥ of the total
thickness of layer 137 (e.g. where layer 137 is 300 A, layer
901 is 50 A).

In one embodiment, each layer of layer 137 is formed
with a different processing station in a processing chamber
of a processing tool (e.g. with the NOVELLUS SEQUEL
processing tool).

In one embodiment, each layer is formed by a plasma
enhanced chemical vapor deposition (PECVD) process by
reacting silane (SiH,), ammonia (NH;), and nitrogen (N,)
gases with radio frequency (RF) at a reduced pressure and
elevated temperature. In one embodiment, silane is flowed in
the process chamber at a rate in the range of 300-470 sccm,
ammonia is flowed at a rate in the range of 2200-3800 sccm,
and N, is flowed at a rate in the range of 2000-3600 sccm.
In one embodiment, the chamber pressure is in the range of
1.5-2.4 Torr during the deposition process. In one embodi-
ment, the high frequency (HF) power is in the range of
300-390 watts and the low frequency power (LF) is in the
range of 100-200 watts. In one embodiment, the tempera-
ture of the chamber is in the range of 300450 C during the
deposition process. In other embodiments, layer 137 may be
formed with different gases and/or at different processing
conditions. In other embodiments, layer 137 may be a single



US 7,074,713 B2

5

layer. In other embodiments, layer 137 may include multiple
layers formed at different times with the same processing
station.

In one embodiment, forming PEN layer 137 during the
manufacture of a wafer acts to enhance the performance of
an integrated circuit made from the wafer. In one embodi-
ment, using such a PEN layer may increase transistor drive
current for given leakage current. In one embodiment, drive
current may be increased by 3%. In another embodiment,
using such a PEN layer may also reduce parasitic capaci-
tance (e.g. 3%) for an integrated circuit made from the
wafer.

It is believe that in some embodiments, the relatively high
ratio (e.g. 4:1) of Si—H bonds to N—H bonds aids in
confining the extension and halo dopants of the source/drain
regions (e.g. 111 and 113) of transistors of wafer 101. In
other embodiment, it is believed that multiple interfaces of
each layer (e.g. 901, 903, 905, 907, 909, and 911) of PEN
layer 137 provides a structure which produces the enhance-
ments listed above.

Providing layer 203 on layer 137, in some embodiments,
allows for layer 137 to be removed with the same etching
process used to remove layer 203.

In other embodiments, layer 203 may be utilized as an
etch stop for forming an edge seal of an integrated circuit.

FIG. 10 shows a partial cross-sectional side view of a
wafer 1001 according to another embodiment of the present
invention. Wafer 1001 includes a substrate made of a semi-
conductor material (e.g. Si, SiGe) and transistor 1003 having
source/drain region 1007 and source/drain region 1009
formed in substrate 1002. Transistor 1003 includes a gate
1005, gate silicide 1015, and sidewall spacer 1012. A layer
1006 of interlayer dielectric material is located over sub-
strate 1002. A contact including filler material 1021 and
barrier layer(s) portion 1019 is formed in an opening 1014
of layer 1006. During the etching of opening 1014, layer
1013 is utilized as etch stop layer. Layer 1011 is a PEN layer
similar to layer 137. The contact formed from conductive
material 1021 and portion 1019 is in electrical contact with
gate silicide 1015 and source/drain silicide 1017 to electri-
cally short gate 1005 and source/drain region 1009 together.
Utilizing layer 1013 as an etch stop allows for opening 1014
to be formed by an etchant while protecting a portion of
spacer 1012 during the etching.

One embodiment includes a method for making a semi-
conductor device. The method includes forming a plasma
enhanced nitride (PEN) layer over a wafer and forming an
etch stop layer over the wafer wherein the forming an etch
stop layer includes forming a second layer over the PEN
layer. The second layer is of a different material than the
PEN layer. The method further includes forming a layer of
interlayer dielectric material over the second layer, selec-
tively etching through the interlayer dielectric material uti-
lizing the etch stop layer as an etch stop, and selectively
etching through the etch stop layer and the PEN layer with
an etchant that is non selective with respect to both the PEN
layer and the etch stop layer.

In another embodiment, a semiconductor device includes
a substrate, a plasma enhanced nitride (PEN) layer overlying
the substrate, and a second layer on the PEN layer. The
second layer is of a different material than the PEN layer.
The second layer includes a nitride. The semiconductor
device includes a layer of interlayer dielectric material
overlying the second layer.

Another embodiment includes a method for making a
semiconductor device. The method includes forming a
plasma enhanced nitride (PEN) layer over a wafer and
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forming an etch stop layer over the wafer wherein the
forming the etch stop layer includes forming a second layer
including nitride on the PEN layer. The second layer is of a
different material than the PEN layer. The method also
includes forming a layer of interlayer dielectric material
over the second layer and selectively etching though the
interlayer dielectric material utilizing the etch stop layer as
an etch stop.

Another embodiment includes a method for making a
semiconductor device. The method includes forming a
plasma enhanced nitride (PEN) layer over a wafer and
forming an etch stop layer over the wafer wherein the
forming an etch stop layer includes forming a second layer
on the PEN layer. The second layer is of a different material
than the PEN layer. The method also includes forming a
layer of interlayer dielectric material over the second layer
and selectively etching though the interlayer dielectric mate-
rial utilizing the etch stop layer as an etch stop. The second
layer has a higher selectivity than the PEN layer with respect
to an etch chemistry of an enchant used in the selectively
etching.

Another embodiment includes a method for making a
semiconductor device. The method including forming mul-
tiple plasma enhanced nitride (PEN) layers of the same
material on top of each other over a wafer and forming an
etch stop layer over the wafer wherein the forming an etch
stop layer includes forming a second layer over the multiple
PEN layers. The second layer is of a different material than
the multiple PEN layers. The method also includes forming
a layer of interlayer dielectric material over the second layer
and selectively etching though the interlayer dielectric mate-
rial utilizing the etch stop layer as an etch stop.

While particular embodiments of the present invention
have been shown and described, it will be recognized to
those skilled in the art that, based upon the teachings herein,
further changes and modifications may be made without
departing from this invention and its broader aspects, and
thus, the appended claims are to encompass within their
scope all such changes and modifications as are within the
true spirit and scope of this invention.

What is claimed is:
1. A method for making a semiconductor device, the
method comprising:
forming a plasma enhanced nitride (PEN) layer over a
wafer;
forming an etch stop layer over the wafer wherein the
forming an etch stop layer includes forming a second
layer over the PEN layer, the second layer being of a
different material than the PEN layer;
forming a layer of interlayer dielectric material over the
second layer;
selectively etching through the interlayer dielectric mate-
rial utilizing the etch stop layer as an etch stop;
selectively etching through the etch stop layer and the
PEN layer with an etchant that is non selective with
respect to both the PEN layer and the etch stop layer.
2. The method of claim 1 wherein the etchant is selective
with respect to the interlayer dielectric material.
3. The method of claim 1 wherein the PEN layer includes
silicon.
4. The method of claim 1 wherein the PEN layer includes
hydrogen.
5. The method of claim 1 wherein the PEN layer includes
at least 20% hydrogen by weight.
6. The method of claim 1 wherein the PEN layer includes
multiple layers of the same material.
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7. The method of claim 1 wherein the forming the PEN
layer includes:

forming a first layer of the PEN layer at a first deposition

station of a processing chamber;

forming a second layer of the PEN layer over the first

layer of the PEN layer at a second deposition station of
the processing chamber.

8. The method of claim 7 wherein the forming the PEN
layer includes:

forming a third layer of the PEN layer over the second

layer of the PEN layer at a third deposition station of a
processing chamber.

9. The method of claim 1 wherein the second layer has a
higher selectivity than the PEN layer with respect to an etch
chemistry of an enchant used in the selectively etching
through the interlayer dielectric material.

10. The method of claim 1 further comprising:

forming a transistor on the wafer;

wherein the etch stop layer is formed over the transistor;

wherein the selectively etching through the interlayer

dielectric material includes forming an opening in the
layer of interlayer dielectric material for a contact for a
source/drain region of the transistor.
11. The method of claim 1 wherein:
the wafer has a semiconductor on insulator (SOI) con-
figuration and includes a semiconductor substrate and a
dielectric layer overlying the semiconductor substrate;

the layer of interlayer dielectric material is formed over
the dielectric layer;

the selectively etching through the interlayer dielectric

material includes etching an opening through the layer
of interlayer dielectric material and through the dielec-
tric layer for a contact for the semiconductor substrate.

12. The method of claim 1 wherein the layer of interlayer
dielectric material includes TEOS.

13. The method of claim 1 wherein the second layer
includes nitrogen.

14. The method of claim 13 wherein the second layer
includes hydrogen.

15. The method of claim 1 further comprising:

forming an interconnect over the layer of interlayer

dielectric material after the selectively etching through
the etch stop layer and the PEN layer.

16. The method of claim 1 wherein the PEN layer
enhances a drive current of a transistor of the wafer at a
given leakage current.

17. The method of claim 1 further comprising:

planarizing the layer of interlayer dielectric material prior

to the selectively etching through the interlayer dielec-
tric material.

18. The method of claim 1 wherein the PEN layer has at
least a relatively high ratio of Si—H bonds to N—H bonds.

19. The method of claim 1 wherein the second layer
includes silicon rich oxynitride.

20. The method of claim 1 wherein the PEN layer has a
thickness of less than 500 A or less.

21. The method of claim 1 wherein the PEN layer is
approximately 36% silicon, 53% nitrogen, and 21% hydro-
gen by atomic weight.
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22. A method for making a semiconductor device, the
method comprising:
forming a plasma enhanced nitride (PEN) layer over a
wafer;
forming an etch stop layer over the wafer wherein the
forming the etch stop layer includes forming a second
layer including nitride on the PEN layer, the second
layer being of a different material than the PEN layer,
forming a layer of interlayer dielectric material over the
second layer;
selectively etching though the interlayer dielectric mate-
rial utilizing the etch stop layer as an etch stop; and
selectively etching through the etch stop layer and the
PEN layer after the selectively etching through the
interlayer dielectric material.
23. A method for making a semiconductor device, the
method comprising:
forming a plasma enhanced nitride (PEN) layer over a
wafer;
forming an etch stop layer over the wafer wherein the
forming an etch stop layer includes forming a second
layer on the PEN layer, the second layer being of a
different material than the PEN layer;
forming a layer of interlayer dielectric material over the
second layer;
selectively etching though the interlayer dielectric mate-
rial utilizing the etch stop layer as an etch stop;
wherein the second layer has a higher selectivity than the
PEN layer with respect to an etch chemistry of an
enchant used in the selectively etching.
24. A method for making a semiconductor device, the
method comprising:
forming multiple plasma enhanced nitride (PEN) layers of
the same material on top of each other over a wafer;
forming an etch stop layer over the wafer wherein the
forming an etch stop layer includes forming a second
layer over the multiple PEN layers, the second layer
being of a different material than the multiple PEN
layers;
forming a layer of interlayer dielectric material over the
second layer;
selectively etching though the interlayer dielectric mate-
rial utilizing the etch stop layer as an etch stop.
25. The method of claim 24 wherein the forming the
multiple PEN layer includes:
forming a first layer of the multiple PEN layers at a first
deposition station of a processing chamber;
forming a second layer of the multiple PEN layers over
the first layer of the multiple PEN layers at a second
deposition station of the processing chamber.
26. The method of claim 25 wherein the forming the
multiple PEN layers includes:
forming a third layer of the multiple PEN layers over the
second layer of the multiple PEN layers at a third
deposition station of a processing chamber.
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